Single trait selection was practiced in three lines of Hereford cattle derived from, a common base population. Selection was practiced on males only within sire families for increased weaning weight (WW) in the WW line (WWL), for postweaning gain (PG) in the PG line (PGL) and at random in the control line (CTL). Females were culled on the basis of age or reproductive failure. Progeny of selected bulls were produced in two herds from 1970 through 1981. The data consisted of records on 2,467 progeny of 125 sires and 922 dams. Generations of selection to produce the 1981 calf crop were 1.96, 1.85 and 1.80 for WWL, PGL and CTL, respectively. For calves born in 1981, mean cumulative selection differentials (CSD) were 54.5 kg in WWL and 37.8 kg in PGL. Corresponding values in standard deviation units (SDU) were 2.31 and 1.68, respectively. Secondary selection differefltials were 25 to 40% as large as selection differentials for the primary traits. Unintentional selection in the CTL in 1981 was 16.2 kg or .68 SDU for WW and .2 kg or .01 SDU for PG, respectively. Regressions of CSD on year were 4.1 kg or .17 SDU in WWL and 3.2 kg or .14 SDU in PGL. Realized selection differentials were approximately 88% of the potential selection differentials in both lines. Inbreeding coefficients of dam and calves in 1981 were 2.0 and 3.5% in 1 Paper No.
Introduction
Selection affords an opportunity to change gene frequency in a population and hence alter the population's performance. Selection experiments are useful to validate theoretical predicted direct and correlated responses, to estimate genetic parameters and to help define more efficient breeding programs. Although weaning weight and postweaning gain are important economic traits in beef cattle, few selection experiments have been reported in beef cattle that maintained a concurrent control and hence allowed adequate evaluation of genetic change. Warwick (1958) declared beef cattle breeding research a neglected field during the first half of the 20th century. Dalton and Baker (1979) observed that experiments conducted during the 1950's and 1960's involved small populations, high inbreeding levels and(or) lack of controls. Therefore, these experiments were not optimally designed to evaluate genetic changes. The studies reported by Bailey et al. (1971) , Koch et al. (1974) , Stanforth and Frahm (1975) and Chevraux and Bailey (1977) had increased population sizes but did not have a control. Another problem has been the few generations of selection applied (e.g., Newman et aI., 1973; Barlow, 1979) . Only recently have results been reported from selection experiments conducted for more than two generations with acceptable population sizes (Buchanan et al., 1982) and control lines (Chenette et al., 1981) .
This experiment was initiated in 1967 to evaluate direct and correlated responses to single trait selection in Hereford cattle. Two single trait selection lines (weaning weight; postweaning gain) and a randomly selected control line were established. The purpose of this paper is to evaluate the population structure and the selection applied in each line up to 1981.
Materials and Methods

General Description of the Experiment
Single trait selection was practiced in three lines of Hereford cattle derived from a common base population. Bulls were selected within sire families for increased weaning weight in line WWL, increased postweaning gain in line PGL and at random in the control line (CTL). Animals were maintained at two locations: Tidewater Research Station at Plymouth and the Agricultural Experiment Station at Raleigh, NC. The lines were maintained to produce approximately 40 calves in each select line (WWL and PGL) and 20 calves in CTL at each location each year. Performance data were obtained on 2,467 progeny of 125 sires and 922 dams.
Management. Cattle at each location were treated as one herd. Feeding and management practices were kept as nearly alike as possible at both locations. Duration of the breeding season was approximately 75 d, beginning about April 15. Cows and calves were maintained on pasture throughout the suckling period. Corn silage (IFN 3-02-823) and concentrate supplement were provided during winter months. Calves were not creep fed. Bulls were weaned in groups at an average age of 205 d (7 d, standard deviation). For ease of management, heifer calves were weaned in larger groups at an average age of 211 d (12 d, standard deviation). Bulls were immediately put on postweaning feed test and individually fed a complete mixed diet (approximately 65% total digestible nutrients and 14% crude protein). Bulls were fed the amount that they would consume in a 30-to 60-rain interval twice daily. Feed intake and body weights were recorded at 14-d intervals until at least 365 d of age. Heifers were maintained on pasture and received corn silage and concentrate supplement during the winter. Heifers were weighed at 12 mo of age.
During 1980 and 1981, one-half the bulls in each line and herd were randomly assigned to group feeding and fed the same diet ad libitum.
For group-fed bulls, only weaning weights were considered in these analyses.
Foundation Population. The foundation population was established during 1967 through 1969. However, the same sires or related sires had been used in the two herds since 1947. Cows were randomly assigned, within age, to one of the three lines in each herd. The foundation sires were purchased from outside herds and were unrelated to the cows. In establishing the foundation herd, the same three bulls were used in all lines with bulls used only 1 yr. Hence the foundation popuIation of each line was based on nine bulls. Progeny were assigned to a line according to the line of the dam.
Selection and Mating Procedures. Selection was practiced only on males within sire families. A select and a reserve bull were chosen from each sire family. Reserve bulls were used when the select bull was infertile or died. Sires were used in the breeding herd only 1 yr. Thus three select and three reserve bulls were chosen each year for each line. In WWL and PGL, selection was based on the highest deviation from the within sire-herd mean. In CTL, select and reserve bulls were randomly chosen within sire family. Sires were used across herds by artificial insemination when they were 2 yr old. Due to a disease outbreak during the postweaning period in bulls born in 1977 in the Raleigh herd, only weaning weights were taken on those calves and considered in the analysis. As a result, selection of males to produce the 1980 calf crop was done at Tidewater only.
All heifers produced were saved as replacements. Within each line, matings were planned such that each bull was assigned an equal number of cows from each age group and inbreeding was minimized. Heifers were generally bred first to calve at 2 yr of age. Heifers that had not produced a calf by 3 yr of age were culled. Subsequent culling was based on age and reproductive failure and, in a few cases, on disease, injury or structural unsoundness. Weaning weight was adjusted for sex of calf and age of dam using multiplicative adjustment factors developed by E. U. Dillard (personal communication) for preweaning daily gain from an independent data set. No adjustments were made for birth weight. Preliminary analysis of the data indicated that the adjustment factors were too large for heifer calves relative to bulls and did not adequately adjust for age of dam. Nevertheless, they were utilized to evaluate the selection applied for WW because they had been used throughout the experiment. In order to evaluate the selection practiced, new adjustment factors were calculated using the weaning records of calves in CTL and from calves in WWL and PGL born before selection. Multiplicative adjustment factors for 205-d weight were computed separately for bulls and heifers using a model that included the effects of dam age and the sire-herd-calf birth year combination (Harvey, 1977) . Based upon comparisons of adjusted weaning weights for calves raised by dams of different ages, these factors were as efficient for adjusting WW as factors derived separately for birth weight and preweaning gain.
Postweaning Inbreeding coefficients of dams and calves were calculated from a base year of 1947 (SAS, 1972) .
Cumulative Selection Differentials. Because generations overlapped, cumulative selection differentials were calculated using the method described by Newman et al. (1973) and used by Buchanan et al. (1982) . A contemporary group for a selected bull was defined as a group of bulls from the same line, born in the same herd and year and sired by the same bull. Selection as practiced only considered the individual's deviation from his contemporary group (ISD). Individual cumulative selection differentials (ICSD) were calculated using half the ICSD of the sire (SCSD) and one-half the mean ICSD of all dams of a contemporary group (DCSD). Both WW and PG were measured in all three lines and in both sexes. Postweaning gain was measured under different environmental conditions for bulls (feedlot test) and heifers (pasture).
Generation Interval, Generations of Selection and Inbreeding Coefficients. Generations
were discrete for the sire side of the pedigree. All sires were replaced each year and were 3 yr old when their progeny were born. Cows, however, were used for one or more years, creating overlapping generations. Generation interval was calculated as the average age of parents when their progeny were born (Bichard et at., 1973 ; James, 1977) . Coefficients of generations of selection were calculated for each sire (GC s) and dam (GCd). Sires and dams utilized in the foundation population were given The same procedure was utilized to calculate cumulative selection applied for PG in WWL and WW in PGL (secondary selection differentials), plus unintentional selection applied for WW and PG in CTL.
The values of SCSD and DCSD were set to zero for parents used in the foundation population. Mean CSD for each calf birth year-line-sex subclass were obtained by pooling herd means. Values of CSD were expressed in standard deviation units (SDU) by dividing mean CSD by the pooled within herd-line-calf birth year standard deviation for bulls.
Actual versus Maximum Potential Selection
Differential. In order to maximize genetic gains, only individuals with the highest deviations from the mean should have been used as parents of the next generation. However, due to factors such as infertility, disease, death and accidental marketing, this was not always accomplished. To compare the utilized vs the maximum potential selection differential available each year for the primary trait in WWL and PGL, the ratio of the mean ISD of bulls used as sires to the highest mean ISD possible was calculated.
Effective and Expected Selection Differentials. The effect of natural selection on selec-tion differentials was evaluated by the ratio of effective to expected selection differentials (Falconer, 1981) . The effective selection differential was calculated by weighting the ISD of each bull used as a sire by the number of offspring that were measured. The expected selection differential was taken as the mean ISD of the same bulls.
Results
Age of Dam Adjustment Factors
The primary differences between the original and new age of dam adjustment factors for WW were among factors for calves raised by 2-and 3-yr-old dams (table 1). Using the new adjustment factors revealed that seven bulls not among the 42 selected with the original adjustment factors should have been used as sires in WWL. These seven bulls were progeny from younger cows. Hence, selection accuracy was reduced by using incorrect adjustment factors, and selection intensity was reduced because progeny of younger parents are expected to be genetically superior to progeny of older parents (James, 1977) .
Number of Sires, Generation Interval, Generations of Selection and Inbreeding Coefficients.
Number of sires, generation interval, generations of selection practiced and inbreeding coefficients of dams and calves by line and year are given in table 2. Number of sires used ranged from three to five in WWL, three to six in PGL and two to four in CTL. Use of both selected and reserve bulls led to more bulls being used than intended. Only two bulls were used to produce the 1975, 1978 and 1981 CTL calf crops due to death of one of the randomly selected bulls and lack of a reserve. A slight decrease in generation interval was observed over the years due to a decrease in average age of cows. Average generation intervals were 3.8, 3.9 and 3.8 yr for WWL, PGL and CTL, respectively.
Generations of selection reflect the number of attempts made to increase the frequency of desirable alleles affecting the primary trait in WWL and PGL and the number of genetic samplings occurring in CTL. The numbers of generations of selection represented in the 1981 calves were 2.0 in WWL, 1.9 in PGL and 1.8 in CTL.
In 1981, inbreeding coefficients of dams were slightly larger than 2% in WWL and PGL and almost 3% in CTL. selection lines, but that direct selection for WW showed less variation than direct selection for PG. In figure 2, CSD in 3-yr intervals appear more related than CSD in adjacent years. Because selection was practiced only in bulls, and because sire families were confounded with years and repeated every third year, such a pattern in accumulated selection might be expected, especially in early years when selection differentials accumulated through dams were very low or zero.
Also indicated in tables 3 and 4 and figures I and 2 is that secondary selection differentials were greater than zero in both WWL and PGL. Secondary selection differentials appeared more erratic in WWL than in PGL. Regressions of secondary selection differentials on calf birth year amounted to approximately 25 to 40% of the values realized in the primary traits. In so. Maximum Selection Potential and Effects of Natural Selection. Ratios of actual to maximum sire selection differentials ranged from .74 to 1.00 in WWL and from .40 to 1.00 in PGL (table 5) . Realized sire selection, compared with the potential, was very low in two consecutive years of the selection cycle in PGL (1970 and . Overall, approximately 88% of the ISD was realized in both lines. However, using revised age of dam adjustment factors in WWL showed that only 82% of the potential selection differential was realized for WW.
Ratios of effective to expected selection differentials (table 6) indicate that little natural selection occurred against WW or PG. In 8 of 12 cases, the ratio of effective to expected selection differentials was equal to or larger than one.
Discussion
Age-of-dam adjustment factors should have been such that selection of bulls for WW in WWL would be independent of age of dam or, if genetic progress were being made, would favor bulls from younger cows. The original age-of-dam adjustment factors failed to equalize WW of bulls produced by cows of different ages and led to the selection of approximately 17% of bulls that would not have been used as sires if WW had been adjusted effectively for age of dam.
Generation intervals observed in the three lines were shorter than those reported by Bailey et al. (1971) , Stanforth and Frahm (1975) , Chevraux and Bailey (1977) and Buchanan et al. (1982) , primarily because selected sires were used for only 1 yr. Generations of offspring produced by selected parents in 1981 were slightly smaller than 2.0, mainly because selection was applied only on males. At the end of 15 yr, Chenette et al. (1981) reported 3.22 generations of selection and Buchanan et al. (1982) reported 3.6 to 3.7 generations, while Chevraux and Bailey (1977) reported 3.24 generations of selection in a 19-yr beef cattle experiment. In. those studies, however, selection was applied in both bulls and heifers.
Inbreeding coefficients were slightly lower than those reported by Buchanan et al. (1982) in three 150-cow, six-sire lines and reflect the effects of mating least-related individuals as well as the advantage of within-family selection in maintaining low inbreeding levels. Inbreeding coefficients were much higher in the studies of Brinks et al. (1965) , Nelms and Stratton (1967) and Bailey et al. (1971) .
Ratios of potential to realized selection differentials in this experiment were similar to those reported by Chenette et al. (1981) and Buchanan et al. (1982) for WWL but lower than that observed by Chevraux and Bailey (1977) for PGL. The ratios of effective to expected selection differentials seem to indicate that natural selection did not have an antagonistic effect on artificial selection in any line. However, very low ratios of realized sire selection to the maximum potential in two consecutive years of the selection cycle for PG were probably responsible for the variation in selection intensity applied in the PGL and for a smaller cumulative selection differential in PG compared with that applied for WW in the WWL, because generations of selection were almost identical in both lines. Annual intensities of direct selection applied in this experiment are apparently lower than those from other experiments. Chenette et al. (1981) and Buchanan et al. (1982) reported .26 and .24 SDU, respectively, of direct selection applied annually for WW while Chevraux and Bailey (1977) reported .22 SDU for PG. They stated, however, that sire selection was responsible for 74, 79 and 83%, respectively, of the applied selection intensities. This makes their selection intensities for bulls similar to those applied in this study.
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